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[57) ABSTRACT

In an interrupt control system for a data processing unit
for microprogram control including a processor con-
structed dividedly between an arithmetic unit and a
control unit, a signal representing the absence or pres-
ence of an interrupt request to be performed is applied
to the control unit so that said control unit reads a mi-
croprogram for the interrupt processing from a memory
In response to said signal, and said arithmetic unit
judges an interrupt source on the basis of the micropro-
gram read out from said memory and performs process-
ing in accordance with the interrupt source.

4 Claims, 8 Drawing Figures
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1
INTERRUPT CONTROL SYSTEM

FIELD OF THE INVENTION

This invention relates to an interrupt control system
and more specifically to an interrupt control system
suited for a data processing unit constructed by the
application of semiconductor integrated circuit tech-
niques.

DESCRIPTION OF THE PRIOR ART

In constructing a central processing unit (CPU) such
as a microcomputer by applying large scale integration
(LSI) techniques to semiconductor chips, CPU-con-
stituting elements are sometimes divided into several
LSI chips due to limitations imposed on the density of
integration of the LSI chips or on the number of pins for
the interconnection with external circuits. Especially in
the case of a 16-bit microcomputer used for various
control purposes, a CPU is frequently formed by divid-
Ing its constituents into the following two LSI chips.

The first LSI chip is a portion which incorporates
therein various registers and arithmetic and logic unit
(ALU) for arithmetic operations and principally carries
out a processing operation. The second LSI chip is a
portion which plays the roles of decoding instructions,
controlling its run sequence and also controlling inter-
rupt and input and output.

In the present specification, the first and second LSI
chips will hereinafter be referred to as an “arithmetic
chip” and a “control chip”, respectively. Incidentally,
in a microprogram control system, read only memory
(ROM) is assigned an LSI chip which is different from
the abovementioned two LSI chips. In such a case, the
CPU 1s constructed by three LSI chips in total.

FIG. 1 diagrammatically shows the construction of a
microcomputer system as an example of the prior art
which has the above-described CPU construction. In
the drawing, reference numeral 1 is an arithmetic chip;
2 1s a control chip; 3 is a ROM for storing the micropro-
gram; 4 is a main memory for storing user program and
data; and 5, 6 and 7 are external input/output terminal
units. These elements are interconnected to each other
by an information bus 8. An interrupt request from a
terminal unit is applied as an input to the control chip 2
via a bus 9 and when the interrupt request is received,
an interrupt-receiving signal is produced as an output
from the control chip 2 via a bus 10 to the correspond-
ing terminal unit 8§, 6 or 7.

The system of interrupt routine that has been conven-
tionally carried out in the control chip 2 when the
abovementioned system configuration is used will be
explained with reference to FIG. 2. The control chip 2
includes two kinds of interrupt registers (flip-flops) 11
and 12 whereby one 11 of them receives interrupt re-
quest”signals REQO-REQ3 from input/output units
connected to devices outside the CPU that require
masking while the other flip-flop 12 receives interrupt
signals having higher priority that are produced inside
the CPU, such as remote console request CI/O, stop
request STOP REQ, power-down interrupt POP INT
and so on, for example.

An external interrupt request of the flip-flop 11 is
passed through AND gates 13a-134 whereby an AND
operation is made between it and the content of an
interrupt mask 14 forming part of a status register and a
receivable interrupt request is applied as input to a pri-
ority judging circuit 15. On the other hand, a CPU
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Internal interrupt request of the flip-flop 12 does not
require masking so that it is directly applied as an input
to the priority judging circuit 18.

Of the interrupt requests input to it, the priority judg-
ing circuit 13 selects the one having the highest priority
and produces a signal 185, which instructs the jump to a
head address of interrupt judging routine, to an address
generating circuit 16 of the microprogram. When the
interrupt to be run is from outside the CPU, an ac-
knowledge signal ACQ0-ACQ3 is produced as an out-
put to the corresponding input/output unit.

However, the control chip requires a number of sig-
nal input/output pins in order to perform various func-
tions such as reading of instruction words from the main
memory and microinstruction from the ROM, for input
and output control and other functions. If reception and
acknowledgement of wvarious interrupt requests are
made by means of the control chip as in the conven-
tional interrupt control system mentioned above, a large
number of signal pins are used for the interrupt routine
whereby addition of new functions to the control chip
and extension of performance of the control chip be-
comes remarkably difficult due to the shortage of the
signal pins.

It 1s desired, on the other hand, that the interrupt
mask data should form a status register together with a
condition code representing the result of logical opera-
tion. In the conventional interrupt control system such
as described above, however, the interrupt mask is pro-
vided on the control chip whereas the condition code is
provided on the arithmetic chip on account of their
functions so that the status register is divided into two
LSI chips and their control is complicated.

SUMMARY OF THE INVENTION

The present invention contemplates to solve the
above-mentioned problems encountered in the prior art
and 1s directed to provide an interrupt control system
which reduces the number of signal pins for the inter-
rupt routine and which is suited for an LSI data process-
ing unit.

In order to accomplish this object, in an interrupt
control system for a microprogram control data pro-
cessing unit having its processor constructed dividedly
by an arithmetic chip and a control chip, the present
invention includes memory means for storing a micro-
program for interrupt source-judging routine and inter-
rupt source-processing routine, said means being inter-
connected with said arithmetic chip and with said con-
trol chip; and gate means for receiving interrupt request
signals from plural interrupt sources having higher pri-

~ority to a job being run in said arithmetic chip, and for

producing as output one interrupt signal to be applied to
said control chip; said control chip having access to the
microprogram of the interrupt source-judging routine
in response to the interrupt signal from said gate means:
and said arithmetic chip judging the interrupt sources in
accordance with the microprogram read out and per-
forming the respective processing routine correspond-
ing to the interrupt source.

In the control system in accordance with the present
invention, an interrupt request signal from an input/out-
put unit outside the CPU that requires masking in accor-
dance with an interrupt level is input to the arithmetic
chip and is subjected to masking by means of mask data
of a status register. The arithmetic chip produces as an
output a signal representing the absence or presence of
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an interrupt to be made on the basis of the masking
result. This signal is applied as an input to an external
OR gate together with a signal having the top priority
interrupt level such as an internal interrupt of a CPU,
the output of the OR gate being given as a signal repre-
sentative of the absence or presence of the interrupt
request to the control chip. Judgement of the interrupt
sources is made at the arithmetic chip by sequentially
taking in the interrupt request signals from inside the
CPU having the abovementioned top priority levels by
means of the microprogram for the interrupt routine,
and then sequentially taking in the interrupt requests
from the external input/output units.

These and other objects and features of the present
invention will be made apparent from the following
detailed description when read in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the overall con-
struction of the conventional LSI microcomputer;

FIG. 2 is a chart useful for explaining the conven-
tional interrupt control system used for the microcom-
puter having the abovementioned construction;

FIG. 3 is a chart useful for explaining the principle of
the interrupt control system in accordance with the
present invention;

FIG. 4 is a time chart showing an example of the time
chart of signals in the abovementioned interrupt control
sysiem;

FIG. § is a diagrammatic flow chart of a micropro-
gram for the interrupt routine;

FIG. 6 is a block diagram showing the overall con-
struction of the CPU portion of a microcomputer in an
embodiment of the present invention;

FIG. 7 is a block diagram showing the construction
of the arithmetic chip; and

FIG. 8 is a block diagram showing the construction

of the control chip.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 3 is a circuit diagram for explaining the princi-
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the signals in this circuit. The arithmetic chip 1 incorpo-
rates therein a status register 20 including mask data 20a
and condition code 205, and a flip-flop 21 for receiving
as an input the interrupt request signals from the exter-
nal input/output units at each level. The external inter-
rupt request signals RQI0O-RQI3 are sampled by clock
signals of the arithmetic chip every one micro-cycle, are
applied as an input to the interrupt-receiving flip-flop 21
and are then subjected to AND operation between them
and the abovementioned mask data 20a at AND gates
22a-224 at each interrupt level. The output of the AND
gates 22a-22d is then passed through an OR gate 23 to
determine the logical OR and its result is produced from
the arithmetic chip 1 as the output signal IREQ. In
other words, the arithmetic chip 1 produces as its out-
put the signal IREQ which represents the absence or
presence of the external interrupt request.

The abovementioned signal IREQ is input to an OR
gate 25 outside the LSI chip together with interrupt
request signals from inside the CPU that are to be re-
ceived with higher priority, and the output of this OR
gate is input to a signal pin IRQ of the control chip 2 for
receiving an interrupt input. -
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Examples of the internal interrupt request signals of
the CPU include internal interrupt request from the
console C I/0, stop interrupt request STOP INT and
power-down interrupt request POP INT, for example.

The control chip 2 samples the interrupt request sig-
nals IRQ from the abovementioned OR gate 25 by
means of its internal clocks and takes them into the
interrupt-receiving circuit incorporated therein such as
a flip-flop 26, for example. As a result, it receives a
request, if any, at the timing of the interval of the in-
struction which is being run, produces from a micropro-
gram address-generating circuit 27 a ROM address 28
representing the head of the interrupt routine program
and applies it to an address counter 3'.

The interrupt processing program of ROM 3 is pro-
grammed in micro instruction language, as represented
by 30-35 in FIG. 5, so as to judge the interrupt sources
in accordance with priority and to perform the process-
ing routines 30J-36J corresponding to the respective
interrupt sources.

In the running process of the abovementioned inter-
rupt processing program, the arithmetic chip 1 per-
forms its control function in such a fashion that 1t se-
quentially takes the internal interrupt signals of the
CPU, that is, the conditions of C I/0, STOP REQ and
POP INT, from the terminal TB into a priority-judging
circuit 24 and if there is no interrupt request among
them, it then takes the output signals of the AND gates
22a-22d into the priority-judging circuit 24. When de-
tecting an interrupt source, the priority-judging circuit
24 outputs a signal LREQ to the address counter 3°. The
address counter 3' is response to the abovementioned
signal LREQ to perform an incremental action or a load
action, loads the address 28 from the circuit 27 when the
signal is fed thereto and jumps it to the predetermined
processing routine 30-36J.

Next, an embodiment of the microcomputer employ-
ing the interrupt control system in accordance with the
present invention will be explained with reference to
FIGS. 6-8.

FIG. 6 shows the overall construction of the CPU
board which includes the arithmetic chip 1, the control
chip 2, the ROM chip 3 for storing the microprogram,
the ROM address counter 3’ and the main memory 4 for
storing the program. Reference numerals 30 and 30
represent clock pulse generators, respectively, that pro-
duce as their output fundamental clocks required for the
arithmetic chip, the control chip and other circuit ele-
ments. Reference numeral 8a represents an address bus
and 85 a data bus. The arithmetic chip 1, the control
chip 2 and the main memory 4 are interconnected to the
address bus or to the data bus through the intermediary
of interface circuits 31, 32, 33, respectively.

Reference numeral 35 represents an address over
detecting circuit; 36 is a parity error detecting circuit;
37 is a time-out detecting circuit and 38 is a power-off
detecting circuit. The output signals from these detect-
ing circuits are applied as input to a test bit selector 39.

Reference numeral 40 represents a console control-
ling circuit which produces, as its output, interrupt
request signals to a STOP flip-flop 41 and to a C 1/O
flip-flop 42 in response to the input signal 40: from the
console and also produces as output a data representing
signal 40s to the console. Reference numeral 43 repre-
sents an input/output control register and 44 a register
for storing an acknowledge signal to the external input
or output device which generates the interrupt request.
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In the system described above, machine instructions
and data, that form the user program stored in the main
memory 4, are read out in accordance with the address
generated as an output from the control chip 2 and are
taken into the chips 1 and 2 via the interfaces 33 and 31.
The control chip 2 decodes the machine instruction and
gives the ROM address from the terminal MI to the
ROM address counter 3’ to read out the corresponding
microprogram. The microinstruction read out from
ROM 3 is input to the arithmetic chip 1 and to the
control chip 2 through their MI terminals and controls
the operation inside each chip.

The interrupt request signals RQIO-RQI3 from the
external input/output units are masked at the arithmetic
chip 1, which produces a signal IREQ and outputs it to
the OR gate 25. On the other hand, STOP REQ, C 1/0
and POP INT as the internal interrupt request signals
from inside the CPU are output from the flip-flops 41,
42 and from the power-off detecting circuit 38 and are
input to the above-mentioned OR gate 28,

When the interrupt request signal IRQ from the
abovementioned OR gate 2§ is taken into the control
chip 2, the microinstructions for the interrupt process-
ing program are sequentially read out from ROM 3.
The microinstruction for determining whether or not a
given interrupt request is from inside the CPU produces
a selection signal and applies it to the test bit selector 39
through a signal line 39i Since the internal interrupt
stgnals STOP REQ, C 1/0 and POP INT each are one
of the input signals of the test bit selector 39, they are
sequentially input to the arithmetic chip 1 in accordance
with the microinstruction read out from ROM 3.

In this embodiment, the interrupt acknowledegment
to the external input/output units is made from a regis-
ter 44 in order to restrict the increase in the number of
signal pins for the purpose of processing the interrupt at
the arithmetic chip 1. When the external interrupt re-
quest 1s received, the operand ““1” is set to the bit corre-
sponding to the interrupt of the register 44 by means of
the microinstruction of the interrupt processing pro-
gram, and “0” is set to the bit when the interrupt routine
1s completed.

FIG. 7 shows the internal construction of the above-
mentioned arithmetic chip 1. Its principal portion is a
data construction portion 50, which consists of an ALU
51, a buffer register 52, a general purpose register 53, a

temporary register S4q, a temporary register for exten-
sion 34b, a status register S5, shift registers 56a, 565, a

loop counter 57, a flag register 58 and a logic array 59,
all being the elements required for the data operation.

In addition to these elements, the arithmetic chip 1
further includes a clock control circuit 60 for generat-
ing internal clocks by means of clock pulses given from
the outside and of reset signals RST, a counter circuit 61
for counting the clock pulses ¢g and producing the
timing pulses and a decoder circuit 62 for decoding the
microinstruction MI and producing various control
signals for LSI internal circuits as its output. In this
embodiment, the decoder circuit 62 consists of two
portions whereby the first portion comprises a pro-
grammable logic array (PLA) 63 for immediately de-
coding the fetched microinstruction and producing a
control signal S, at a quick timing and a register 64
while the second portion comprises a register 65 and
PLA 66 for producing a control signal S at a timing
slower than the abovementioned signal S,. The former
control signal S, includes, for example, a signal desig-
nating a register as the object of the logical operation
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and the latter Sy includes, for example, a signal designat-
ing a register for storing the result of the logical opera-
tion by ALU 51.

The external interrupt request signals REQO-REQ3
are taken into an interrupt flip-flop 70 and are masked in
a masking circuit 71 consisting of the AND gate and the
OR gate that have been explained with reference to
FIG. 3. To this masking circuit 71 is supplied mask data
from the mask data portion 55« of the status register 55
and if the interrupt request is a receivable interrupt
request, a signal IREQ is produced as an output outside
LSI through the OR gate 72. The OR gate 72 also pro-
duces, as the signal IREQ, a timer interrupt request
signal to be produced from the counter circuit 61.

Reference numeral 73 represents a test bit selector
circuit for judging the absence or presence of an inter-
rupt request which selectively outputs any of various
input signals in accordance with the microinstruction to
a test flip-flop 74. The input signals include bit signals
TB from inside CPU, and bit signals corresponding to
the external interrupt request signals REQO-REQS3
given from the masking circuit 73. As explained al-
ready, in the running process of the interrupt routine
program, a bit signal representing the interrupt request
is selected from the selector circuit 73 and when it cor-
responds to the interrupt source, a signal LREQ is pro-
duced from a jump control circuit 75.

FIG. 8 diagrammatically shows the internal construc-
tion of the control chip 2. The control chip 2 includes a
real address calculating circuit 80 of the main memory
4, an address generating circuit 81 for designating the
address of the microprogram of ROM 3, a microinstruc-
tion processing circuit 82 and a clock bus 90. The real
address calculating circuit 80 has various registers such
as memory registers and program counters, takes there-
into the machine instruction on the main memory desig-
nated by the program counter through a bidirectional
bus AB and calculates the real address for data reading.
The address generating circuit 81 generates the head
address of the microprogram for performing the ma-
chine instruction which is taken into the real address
calculating circuit 80. This address is given to the mi-
croinstruction processing unit 82 and is output to a
bidirectional bus MI connected to ROM 3 as well as to
the ROM address counter 3. The microinstruction
processing circuit 82 has a register 83 for storing the
microinstruction read out from ROM and the microin-
struction taken into this register is decoded and con-
verted into an operation control signal S for the control
chip by means of PLA 84.

Reterence numeral 85 represents a circuit (staticizing
circuit) for controlling the read-out operation of the
instruction from the main memory and the performance
of the decoding operation of the instruction. When it is
input with an interrupt signal INT, the circuit gives a
signal to the address generating circuit 81 so that it
generates the head address of the interrupt program.
The interrupt signal IRQ from the OR gate 25 disposed
outside the control chip is input to the abovementioned
staticizing circuit through the AND gate 86, which is
subject to the conductivity control by means of an inter-
rupt-inhibiting flip-flop 87. Reference numeral 88 repre-
sents an input/output control circuit. Since this circuit
has nothing to do directly with the gist of the invention,
the explanation of this circuit is hereby omitted.

As can be appreciated from the foregoing explana-
tion, in accordance with the present invention, the inter-
rupt request of the top priority which does not require
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masking is first subjected to the AND operation outside
both chips and is then applied as an input to the control
chip so that the interrupt signal input pins have only to
be allotted to the interrupt requests of lower order of
priority which need masking. It is therefore possible to
reduce the number of the interrupt processing pins In
the LSI chips as a whole. The present invention uses the
system in which the acknowledgement to an mput/out-
put device requesting the interrupt is made through the
register disposed outside the LSI chips so that the ac-
knowledgement data is given to this register by means
of the microprogram control through the intermediary
of the data bus. Accordingly, it is also possible to fur-
ther reduce the number of the interrupt control pins on
the arithmetic chip. Thus, the interrupt control system
in accordance with the present invention is extremely
effective for the large scale integration of CPU of a data
processing unit.

What is claimed 1s:

1. A data processing system under microinstruction

control comprising:

memory means for storing microinstruction sequen-
ces including an interrupt processing sequence
comprising a first routine and a plurality of second
routines, said first routine sequentially specifying
polling of each of a plurality of first interrupt re-
quests and each of a plurality of second interrupt
requests in a predetermined order, and said second
routines each specifying a processing of a respec-
tive one of said first and second interrupt requests;

a plurality of first means each for generating one of
said first interrupt requests;

a plurality of second means each for generating one
of said second interrupt requests; |

executing means provided on an integrated circuit
chip including receiving means for receiving said
second interrupt requests in parallel from said sec-
ond means, status register means for manifesting
mask bits, and gate means including a plurality of
gates each connected to said receiving means and
said status register means for masking one of said
received second interrupt requests in response to a
corresponding one of said mask bits;

OR gate means for providing a single interrupt re-
quest signal in response to any of said first interrupt
requests provided by said first means and in re-
sponse to any of said masked interrupt requests
provided by said gate means;

control means formed on an integrated circuit chip
for providing an initial address of said first routine
to said memory means in response to said single
interrupt request signal in order to initiate said first
routine thereby; and

means connected to said gate means and said first
means for generating a jump signal and applying
said jump signal to said memory means during the
polling of said first and second interrupt requests
by said first routine when a specified interrupt
request is provided thereto, said jump signal order-
ing said memory means to jump to the one of said
second routines corresponding to the specified
interrupt request;

wherein said OR gate means comprises first and sec-
ond OR gate means, said first OR gate means being
provided outside of said integrated circuit chip on
which said executing means is provided and out-
side of said integrated circuit chip on which said
control means is provided, said second OR gate
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means being provided within the same integrated
circuit chip as said executing means, said first OR
gate means being responsive to any of said gener-
ated first interrupt requests, said second OR gate
means being responsive to any of said masked sec-
ond interrupt requests, and said first and second
OR gate means being mutually connected so that
each of the outputs thereof is provided to said
contro! means as said single interrupt request signal
via a common signal line.
2. A data processing system according to claim 1,
wherein said executing means and said control means
are formed on different integrated circuit chips and said
first and second OR gate means are connected so that
output of said second OR gate means 1s provided as one
of the inputs of said first OR gate means, and said output
of said first OR gate means is provided to said control
means as said single interrupt request signal via said
common signal line.
3. A data processing system according to claims 1 or
2, wherein said jump signal generating means com-
Prises:
third means provided outside of said intergrated cir-
cuit chip on which said executing means 15 pro-

 vided, for selectively transferring one output of
said first means in response to the polling of each of
said first interrupt requests by said first routine
when said first routine specifies one of said first
interrupt requests; and

judging means provided within the same integrated

circuit chip as said executing means and connected
to receive said masked second interrupt requests in
parallel and to receive said selectively transferred
output of said third means, said judging means
providing said jump signal when one of said first
interrupt requests which said first routine specifies
is provided thereto as said selectively-transferred
output or when one of said second mterrupt re-
quests which said first routine specifies is provided
thereto as one of said masked second interrupt
requests.

4. A data processing system under microinstruction
control comprising:

memory means for storing microinstruction sequen-

ces including an interrupt processing sequence
comprising a first routine and a plurality of second
routines, said first routine sequentially specifying
polling of each of first interrupt requests and each
of second interrupt requests in a predetermined
order, and said second routines each specifying a
processing of a respective one of said first and
second interrupt requests;

a plurality of first means each for generating one of

said first interrupt requests,;

a plurality of second means each for generating one

of said second interrupt requests,;

executing means formed on an integrated circuit chip,

including receiving means for receiving said sec-
ond interrupt requests in parallel from said second
means, including status register means for manifest-
ing mask bits, a plurality of gate means for masking
one of said received second interrupt requests in
response to corresponding one of said mask bits;

OR gate means for generating a single interrupt re-

 quest in response to any of said first interrupt re-

quests provided in parallel from said first means
and in response to any of said masked second inter-
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rupt requests provided in parallel from said receiv- parallel and to receive said selectively-transferred
ing means; output of said third means, said judging means
control means for providing an initial address of said providing a jump signal to said memory means
first routine to said memory means in response to when one of said first interrupt requests which said
said single interrupt request in order to initiate said 5 first routine specifies 1s provided thereto as said
first routine thereby; selectively transferred output or when one of said
means for selectively transferring one of the outputs second Interrupt requests which said first routine
of said first means in response to sequential polling specifies 1s provided thereto as one of said masked
by said first routine; and second interrupt requests, said jump signal order-
judging means provided within the same integrated 10 ing said memory means to jump to one of said
circuit chip as said executing means and connected second routines.
to recetve said masked second interrupt requests in L
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